Each mosaic of retinal ganglion cells is thought to extract the same visual feature across mouse retina, but a new study shows that ganglion cells of the same type actually show different light response depending on retinal location.
When a bird of prey attacks a mouse from the sky, the mouse detects the motion of the approaching bird using its eyes, and tries to escape to safety as quickly as possible by navigating through rocks and trees, again using its eyes. The same eyes are also used for finding food items such as a cricket crawling along the ground. Such everyday battles for survival have been repeated over millions of years. The mouse retina, a thin neural sheet at the back of the eye that analyses visual images, has evolved to meet the mouse's behavioral requirements for maximizing its fitness, a key component of which is survival. Because of the optics of eyes, the sky and ground images are generally analysed by the ventral and dorsal parts of the retina, respectively. One obvious question, therefore, is do dorsally located and ventrally located retinal neurons do exactly the same job, even though they tend to analyse different parts of the external world? A new study by Warwick et al. [1] , reported in this issue of Current Biology, reveals an unexpected division of labor among retinal ganglion cells of the same type depending on retinal location, which may reflect the different behavioral requirements.
The task of retinal circuits is to extract different visual features such as color, edges, and different categories of motion (for example, an approaching bird or crawling cricket) from the visual scene, and send those extracted features to the brain via axons of a mosaic of retinal ganglion cells. The brain represents the external visual world based on the neuronal messages sent from the retina, and decides which appropriate behavioral responses to execute. The vertebrate retina has about 40 distinct types of retinal ganglion cell [2] [3] [4] . A striking organizational feature of retinal ganglion cells is that cells of the same type form a mosaic on the retina, with dendrites tiling the retina to cover the visual scene efficiently. Therefore, a retina contains an overlay of 40 mosaics of retinal ganglion cells, potentially representing 40 distinct visual features.
Researchers primarily rely on three criteria -in addition to the mentioned mosaic organization -to classify retinal ganglion cell types [3] . The first is their dendritic morphology; ganglion cells of the same type share the same or similar somata size, dendritic morphology, and stratification depth within the inner plexiform layer [4, 5] . Axonal projection patterns could also serve as a proxy for cell type classification [6] . The second is their physiology, for example ganglion cells can be classified based on their responses to a light flash: they either respond to luminance increases (On), decreases (Off), or to both increases and decreases (On-Off) [7] . The third is their expression of genetic markers. Over the last 10 years, genetic and molecular markers have been identified for ganglion cell types [3, [8] [9] [10] , allowing researchers in different labs all over the world to record from the same cell type repeatedly, and collect standardized data.
In animal species with specialized retinal areas, such as the foveae in primates or the visual streaks in rabbits, retinal ganglion cells with specialized structure and function are concentrated in those areas (fovea, [11] ; visual streak, [12] ). By contrast, the prevailing view among researchers of the mouse retina has been that retinal ganglion cells of the same type have exactly the same light response properties regardless of their positions along the retinal axis, partly because the mouse retina has no obvious cytoarchitectural inhomogeneities.
Warwick et al. [1] now cast doubt on this consensus by reporting a surprising finding: that retinal ganglion cells of the same type show different light responses depending on the retinal location at which they reside. The authors performed twophoton targeted whole-cell recordings from transient Off-alpha ganglion cells (tOff-a cells) labeled in the retina of Calb2-EGFP mice [8, 13] , and analysed the relationship between their response to a spot stimulus and retinal topography. The Calb2-EGFP-labeled ganglion cells met the criteria for a single type: uniform dendritic morphology and dendritic stratification depth, regular spacing, axonal projection to the restricted layer in the downstream targets, and a unique response property (Off transient firings to a static light flash). Surprisingly, Warwick et al. [1] found that the duration of light-evoked spike discharges changes gradually along the retinal dorso-ventral axis: the tOff-a cells in the dorsal retina responded for longer than tOff-a cells in the ventral retina. Their firing rate was not correlated with retinal location, however: the prolonged response component was due to both prolonged excitation and prolonged disinhibition. Intriguingly, this difference in response duration was enhanced in the high mesoscopic to photopic ranges.
One well-established functional difference between the dorsal and ventral retina in the mouse is the inhomogeneous distribution of two types of cone opsins: S opsin is sensitive to short-wavelength or UV light and is dominant in the ventral retina. M opsin is sensitive to mid-wavelength light and is dominant in the dorsal retina [14] . The inhomogeneous distribution of these cone opsins contributes to distinct chromatic responses in ganglion cells [15] .
The prolongation of the retinal locationdependent response may be linked to the inhomogeneous distribution of S opsin and M opsin along the dorso-ventral axis.
Genetic and pharmacological experiments, however, have indicated that the response prolongation is mainly due to synaptic inputs from the main rod pathway, mediated by the inhibitory interneuron AII amacrine cells. These results suggest that neuronal circuits between rod photoreceptors and tOff-a ganglion cells have different functional properties in the dorsal versus the ventral retina. Where exactly in the rod pathway the difference of response duration originates remains to be tested. Warwick et al. [1] conclude that changes in neuronal circuits depending on location in the retina enable ethologically optimized sampling of the visual image.
The work of Warwick et al. [1] provides at least two key insights. The first concerns retinal location-dependent functional specialization. What is the ethological significance of the prolonged responses of dorsal tOff-a cells? A natural scene is divided into two fields: the sky and the ground, each of which has different visual statistics, such as spectral components and spatial frequency [16, 17] (Figure 1) . Moreover, predators tend to come from the sky. Interestingly, a looming dark light presented overhead, mimicking a predator in the sky, causes escape behavior: however, the same stimulus presented on the ground does not cause the escape behavior [18] , indicating that the visual system is functionally organized to treat visual information differently, depending on the location within the visual scene.
Warwick et al. [1] suggest that a short response from ventral tOff-a cells may be enough to alert the mouse, whereas the ground scene could be better represented by a prolonged response from the dorsal tOff-a cells, as the high continuous discharge can be temporarily increased or decreased. Another known example of retinal functional inhomogeneity in the mouse retina is the higher density of alpha-like ganglion cells in the temporal retina, allowing enhanced visual sampling in the frontal visual fields [19] . Taken together with these findings, the results of Warwick et al. [1] support a new concept that retinal neurons are functionally and spatially organized in an amazingly specific manner so that they can sample the visual field in statistically efficient and ethologically significant ways.
The second insight relates to the way of viewing neuronal cell types. A natural scene viewed from the mouse's eye is divided into the sky and ground (A) with distinct visual features, such as spectral components, local luminance, and root mean square (RMS) contrast (B). The ventral retina tends to sample sweeping or approaching motion of black objects such as aerial predators. On the other hand, the dorsal retina tends to sample continuous changes of visual scene such as terrain.
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The key structures and functions of land plants are most often studied in flowering plant models. However, the evolution of these traits (character states) is often difficult to infer, because we lack an accurate phylogenetic frame of reference. The potential branching order of the earliest land plants has now been further condensed, narrowing down potential reference frameworks for comparative studies.
To resolve the topology of the earliest branches in the land plant tree of life is of crucial importance for interpretation of trait (i.e., character state) evolution, for instance for plant evolutionary developmental studies. In a new study in this issue of Current Biology [1] , the authors have re-analysed the transcriptomic data of a previous paper [2] , accounting for considerations like site heterogeneity (i.e., varying evolutionary rates), testing the fit to proposed topologies, and using a 'supertree' approach. The authors were using seven previously discussed potential topologies that relate bryophytes (comprising mosses, liverworts and hornworts) to Tracheophyta (vascular plants). These topologies differ in the branching order of the lineages, with one of the principal problems being whether mosses, liverworts and hornworts constitute a paralogous grade ('bryophytes'), or a monophyletic clade ('Bryophyta', Figure 1A -C).
Bryophyte evolution is probably highly convoluted by multiple convergent losses and gains of key features [3] . Bryophytes are united by life cycles comprising dominant haploid gametophytes and nutritionally dependent, diploid sporophytes. Many key features of land plants evolved in the gametophyte and were later co-opted (recruited), in the most recent common ancestor (MRCA) of vascular plants, for the dominant sporophyte [4, 5] . An exception is possibly stomata, which evolved in the sporophyte and were combined with gametophyte-derived vasculature and rooting structures (rhizoids) in the MRCA of vascular plants, which was potentially a basis for its evolutionary success [4] .
Let us take a look at stomata as an example to illustrate how the topology of the land plant tree of life influences inference of character state evolution. Control of stomata by ABA, certain transcription factors and ion channels appears to be evolutionarily conserved between Physcomitrella and Arabidopsis [6] [7] [8] , and stomata were classically argued to have evolved in the MRCA of land plants (Embryophyta). Indeed, stomata are principally present in all land plant lineages except liverworts, which might have lost stomata because their sporophytes mature surrounded by protective tissue [3] . Also, some hornworts have secondarily lost stomata [3, 9] and some early divergent moss taxa either lack stomata or they are anatomically different and do not function in gas exchange, while derived moss lineages have secondarily lost them [3] . Thus, the presence/absence pattern of
